
ACCESS OPTIMIZER 



Q_ 

O 



CQ 

< 
CD 



1 



CO jD 
co <o 




LEVEL 
MEMORY 




7AB 


INTERFACE 
CIRCUIT FOR 
EXTERNAL BUS 




o 


CQ in 

^-£3 



CO 

< 

oo 



77 

cq la 

Q CNJ 

oo co 



CNJ 



CO 



Fl 




BANK4 



MAIN AMPLIFIER ARRAY 



i — r~r 



o 

a 

Q 



r- CM 

a a 
a a 



CVJ 

a 



BANK3 



BANK2 



BANK1 



9DBa 



e 



BLB<127,7> 
BL<127,/> 

BLB<127,0> 
BL<127,0> 



o 



BLB<1,7> 
BL<1,7> |. 

BLB<1,*0> r - 
BL<1,0> i. 

BLB<0,7> - 
BL<OJ> 

BLB<0,1> r- 
BL<0,1> ',. 
BLB<0,0> 



BL<0,0> 



CO 



CM 
IT) 



00 




Ys7 



YsOP 



Ys7P 



YsOP 



OOt-t- 
— ICQ— ICQ 
CQ—ICQ-J 
OCQCDCQ 

o o 



CM CM 

5 CD 

CQ I 

O CD 
O 



Fie, 4 



6AB 
11AB 



46 



10DB 
11DB 



en 

LU 
_l 
_l 

o 

\- 
■z. 
o 
o 



ACCESS PRIORITY 
JUDGMENT UNIT 



I 



ADDRESS 
ALIGNMENT 
CONTROL UNIT 

I 



ADDRESS 

SELF-PREFETCHING 
UNIT 



HIT/MISS 
JUDGMENT UNIT 



I 



44 



ADDRESS/COMMAND 
GENERATING UNIT 



DATA BUFFER 



40 



42 



43 



"^1 



■7— 



9ACB 

9DBa 
9DBb 

9DBc 
9DBd 



45 



FIG. 7 



6CYCLE 



2CYCLE 



ADDRESS INPUT ~) (aDDT) ( 
PREFETCH ACCESS 



DATA 



>W.K 



( CPU ACCESS 1 ) 



<dT> 



( CPU ACCESS 2 ) 



(next address) 



FIG. 8 



430 



41 

A. 



43 i 



ADDRESS 
ALIGNMENT 
CONTROL UNIT 



431 



432A- 



HIT/MISS JUDGMENT UNIT 



ADDRESS 
DECODER 





I ♦ 






REGISTER 



COMPARATOR 



433A- 




42 



ADDRESS 
SELF- 
PREFETCHING 
UNIT 



COMPARATOR 



432B 



433B 



ADDRESS 
/COMMAND 
GENERATING 
UNIT 



44 



FIG. 9 



ATAG 



j i_ 



\70\ 
■ — a i 



+ 



> 
to 



INDEX 



LINE 
-K-SIZEH 



> 



mum 



> 

o 





T T "T T 1 


— i 1 — WIi?HTi 


::;f:!:?:Tf:T:T : r: 
* i 


\ iNJi-».iO 


□□iroicDicDi^i^ 

i i i . — * iO 

i i i i i 


oioioi I 


*• 

!'!. 


)\ : i 





FIG. 10 



ATAG 



INDEX 



LINE 
-KSIZE-H 



J L 



!>□! 

.-xli 




i r 



X ! I ! 



>!> '>> 



>! 

CO i 




nm 



i i 

! ! 



i i i r- 



i i i i-^iO 



oioio 



:> 

iO 



FIG. I I 



ATAG 



>: 

CO' 



>! 

CO! 



• — ■ i 



INDEX 



LINE 
SIZEH 



1 1 

>:>!> 

J L 



>|> 

I 



> 

CO 





I 1 1—" ■ 

i i 


i — i — i — > — i — i — 

i i i i —x ,o 
i i i i i 


1 r- i 

oioio 

ro io 

i i 
i i 








\ 









FIG. 12 



ADDRESS INPUT 



411 



ADDRESS OUTPUT 





SWITCH 
CIRCUIT 


• 
• 
• 


CONTROL 
REGISTER 







— 41 

FROM CPU 



s- 



410 



DRAM MACRO 



DRAM 
BANK 



5Md 

1 



64 


128 




20 


84 


16 


80 


12 


76 


8 


72 


4 


68 



(B3,B2,B1,B0) 




5Mc 


— (1,1,1,1) — 


63 


127 


I 
I 
I 
I 
i 




— (0,1,0,0) — 


19 


83 


— (0,0,1,1) — 


15 


79 


— (0,0,1,0) — 


11 


75 


— (0,0,0,1) — 


7 


71 


— (0,0,0,0) — 


3 


67 



(M1,M0) = (1,1) 
5Mb 



(B3,B2,B1,B0) 



(M1,M0) = (1,0) 
5Ma 



62 


126 


— (1,1,1,1) — 


61 


125 




l 
l 
l 
l 
i 




18 


82 


— (0,1,0,0) — 


17 


81 


14 


78 


— (0,0,1,1) — 


13 


77 


10 


74 


— (0,0,1,0) — 


9 


73 


6 


70 


— (0,0,0,1) — - 


5 


69 


2 


66 


— (0,0,0,0) — 


1 


65 



(M1,M0) = (0,1) 



(M1,M0) = (0,0) 



fig. 14 



DRAM 
BANK 



DRAM 

MACRO 5Md 

J L 



68 72 76 8084 88 9296 



36 40 44 4852 56 6064 



4 8 121620 24 2832 



(M1,M0) = (1,1) 
5Md 

L 



66 70 74 7882 86 9094 



34 38 42 4650 54 5862 



2 6 10 1418 22 2630 



(B3,B2,B1,B0) 
— (1,1,1,1) — 



(0,1,0,0) 
(0,0,1,1) 
(0,0,1,0) 
(0,0,0,1) 
(0,0,0,0) 



(B3,B2,B1,B0) 
— (1,1,1,1) — 



(0,1,0,0) 
(0,0,1,1) 
(0,0,1,0) 
(0,0,0,1) 
(0,0,0,0) 



5Mc 



67 71 75 79 8387 9195 



35 39 43 47 5155 5963 



3 7 11 151923 2731 



(M1,M0) = (1,0) 
5Ma 

L 



65 69 73 77 8185 8993 



33 37 41 45 4953 5761 



1 5 9 13 1721 2529 



(M1,M0) = (0,1) 



(M1,M0) = (0,0) 



FIG. 15 



DRAM 
BANK 



DRAM 

MACRO 5Md 

J L 



72 80 88 96 



68 76 84 92 



8 16 24 3240 48 5664 



4 12 20 2836 44 5260 



(M1,M0) = (1,1) 
5Md 

L 



70 78 86 94 



66 74 82 90 



6 14 22 3038 46 5462 



2 10 18 2634 42 5058 



(B3,B2,B1,B0) 
— (1,1,1,1) — 



(0,1,0,0) 
(0,0,1,1) 
(0,0,1,0) 
(0,0,0,1) 
(0,0,0,0) 



(B3,B2,B1,B0) 
— (1,1,1,1) — 



(0,1,0,0) 
(0,0,1,1) 
(0,0,1,0) 
(0,0,0,1) 
(0,0,0,0) 



5Mc 



71 79 87 95 



67 75 83 91 



7 15 23 31 3947 5563 



3 11 19 27 3543 5159 



(M1,M0) = (1,0) 
5Ma 

L 



69 77 85 93 



65 73 81 89 



5 13 2129 3745 53 61 



1 9 1725 3341 49 57 



(M1,M0) = (0,1) 



(M1,M0) = (0,0) 



FIG. 17 



ACCESS 
PRIORITY 
SETTING 
REGISTER 



ADDRESS 
INPUT 




COLUMN 


ACCESS 






DATA OUTPUT 



S6 



S7 



FIG. I8A 



ADDRESS 
INPUT aA 
(6AB) 

ADDRESS 
INPUT aB 
(11AB) 



FIG. I8B 



DATA(IODB) 
DATA(1 1DB) 



-^A^Al)- 



-<dB^5Bl)^B2)^i^- 



DATA(IODB) 
DATA(1 1DB) 



FIG. I8C 



WAIT WAIT 
MISS HIT 

H^A^Al)— 



-^B^i^li^dB^)- 
HIT HIT HIT HIT 



FIG. I8D 



DATA(IODB) 
DATAO 1DB) 



MISS HIT 



-<dAq)^Al)- 



-^i^ii)- 

HIT HIT 



■^jI^jb^)— 



HIT HIT 
WAIT WAIT 



FIG. 19 



2 I 



INSTRUCTION 
CACHE 
MEMORY 



DATA 
CACHE 
MEMORY 



PT1 



32 




i 



a: 

LU 

Kl 



Q_ 

o 



128 



DRAM 
MACRO 



DRAM 
MACRO 



DRAM 
MACRO 



5Ma 



5Mb 



5Mc 



5Md 



PT2 



to 



WL 
<*>PC 

<*>N,<J>P 
GBLn 

YsO 
Ys1 



Ys7 
BL<n,0> 

BLB<n,0> 
BL<n,1> 

BLB<n,1> 

I 
I 

BL<n,7> 
BLB<n,7> 



DIRECT BURST WRITE 



V 



t127 



r 



)@>@>OC>OOOlSxC 



<D0 



< 



> 



> 
> 



FIG. 21 



to 



WL 
4> PC 

<t>N,<t>P 

BL<0,0> 
BLB<127,7> 



too 



Y 



\ 



t02 



J 



t1 



HC K read data 



TIMING MARGIN 



FIG. 22 



WL 

<f>PC 

<f>N,<*>P 

GBLn 

YsO 
Ys1 



Ys7 
BL<n,0> 

BLB<n,0> 
BL<n,1> 

BLB<n,1> 

i 
l 

BL<n,7> 
BLB<n,7> 



to 



too 



Y 



\ 



t02 



t1 



n 



/"V 



X 



> 



> 



> 



X 



XqlZ> 



TIMING MARGIN 



